Antineoplastons A10 and AS2-1 (ANP) are synthetic derivatives of glutamine, isoglutamine, and phenylacetic acid. In 1993, a phase II clinical trial program began according to protocols based on the initial protocol, BT-06, which was transferred from the National Institutes of Health (NIH). Protocol BT-09 was designed for different types of primary brain tumors in adults that were not curable by standard treatment. The study was designed as a single arm, two-stage, phase II trial of ANP as a monotherapy in a high-risk, poor-prognosis population. The total number of registered subjects was 40. The majority of patients were diagnosed with high-grade tumors (N = 33). In this group, 12 patients carried diagnosis of anaplastic astrocytoma (AA) and 11 patients of glioblastoma. In the group of low-grade tumors (N = 7), there were 6 cases of low-grade glioma, and 1 neurocytoma grade 2. A group of 12 patients did not receive any prior treatment, 12 patients had surgical resection only, 5 patients received radiation therapy (RT) only, and 11 patients received both RT and chemotherapy. The median duration of ANP was 16.6 weeks. The median dosage of A10 was 7.16 g/kg/d and AS2-1 was 0.27 g/kg/d. Responses were accessed by gadolinium-enhanced magnetic resonance imaging (MRI). Objective responses (OR) in all patients were 22.5% and in the AA group were 41.7% of patients. The median progression-free survival (PFS) in the AA group was 5.4 months. The median overall survival (OS) was 12.7 months and OS at 1 and 2 years was 54.5% and 45.5% correspondingly. The treatment was well-tolerated with reversible grade 3 and 4 toxicities in 35% of all patients (N = 40). In conclusion, the study reached efficacy endpoint and ANP was well-tolerated and compared favorably to the current treatment of AA.
Introduction
Antineoplastons A10 and AS2-1 (ANP) are synthetic derivatives of glutamine, isoglutamine and phenylacetic acid [1] . A10 injections consist of a mixture of the sodium salts of phenylacetylglutamine (PG) and phenylacetylisoglutamine (isoPG) in a 4:1 ratio. AS2-1 is a mixture of phenylacetate sodium (PN) and PG in a 4:1 ratio. ANPs are multi-targeted medications affecting the hubs of the gene expression network, multiple signaling pathways, the cell cycle, cell death, and cellular and nuclear transports, thereby resulting in a better chance for durable cancer control. For over 30 years, our team was developing multi-targeted therapies with antineoplastons including basic research, Phase I and Phase II studies [1] . Phase II studies of ANP injections in astrocytoma began in 1988 and documented objective responses (OR) in 30% of 20 patients diagnosed with anaplastic astrocytoma (AA), low-grade astrocytoma (LGA), and diffuse intrinsic pontine glioma (DIPG) [2] . In 1993, a Phase II clinical trials program began according to protocols based on initial Protocol BT-06 which was transferred from the National Institutes of Health (NIH) to Burzynski Research Institute, Inc. (BRI) [3] . Among the initial protocols, BT-09 and BT-10 were designed for different types of primary brain tumors which were not curable by standard treatment in adults (BT-09) and children (BT-10). Numerous additional protocols dealt with the treatment of specific types of brain tumors in children and adults and colorectal cancer [4] - [18] . The aim of this single arm study is to assess the efficacy and safety of ANP in adults who have different types of incurable primary brain tumors. Special emphasis was directed to high-grade tumors (82.5% of patients) with attention to the subgroup of AA.
Approximately 5600 people in the United States were diagnosed with AA in years 2007-2011 [19] . AA is classified as a World Health Organization grade 3 neuroepithelial tumor [20] . Initial standard therapy for AA includes surgical resection followed by radiation therapy (RT) and chemotherapy [21] . Nitrosourea treatment provided the first successful therapy for AA, but since 1999 temozolomide (TMZ) became the most frequently used therapeutic agent due to better toxicity profile and comparable efficacy [21] [22] . Unfortunately, the remissions from treatment with TMZ are temporary with progression-free survival (PFS) of 24% in twelve months [21] . Ultimately, almost all patients will relapse and die from progressive tumor. Recurrent AA remains an incurable brain tumor. The use of TMZ has been criticized recently, and there seems to be a return to the 20-year-old nitrosourea-based chemotherapy [23] [24] . In approximately 30% of patients, chemotherapy may cause irreversible toxicity which may seriously compromise the quality of life [25] [26] . New treatment options for AA are desperately needed.
Patients and Method

Patient Population
The study accepted patients with brain tumors for whom curative therapeutic regimens did not exist. Patients who had been previously treated with other therapies, as well as not previously treated were eligible.
Recruited patients were over 18 years of age with radiologic evidence of residual, recurrent or progressive tumor by gadolinium-enhanced magnetic resonance imaging (MRI) performed within 14 days before initiating the study, and no earlier than four weeks following tumor resection. At least eight weeks must have elapsed since the last dose of RT and at least four weeks since the last dose of chemotherapy (six weeks for nitrosoureas) or immunotherapy. There should be a complete recovery and at least four weeks from prior surgical procedure.
The patients should have histological confirmation of brain tumors; the only exceptions are some cases of dangerous location of the tumor. Confirmation of the pathologic diagnosis by an outside pathologist was also required. WHO criteria for high-grade and low-grade tumors were used.
The additional inclusion, exclusion and removal from the study criteria were the same as in the other brain tumor study [11] . All study subjects and/or guardians read, understood, and signed written informed consent prior to enrollment. This study was conducted in accordance with the U.S Code of Federal Regulations, Title 21, Parts 50, 56, and 312; the Declaration of Helsinki (1964) including all amendments and revisions; the Good Clinical Practices: Consolidated Guideline (E6); International Conference on Harmonization; and the FDA's Guidance for Industry. The study was sponsored by BRI and conducted by the Burzynski Clinic (BC) in Houston, Texas. The patients were enrolled based on their physician's referral or were self-referred and they did not pay for the investigational agents.
Study Design
The study was designed as a single-arm, two-stage, interventional Phase II trial of ANP as the monotherapy in a high-risk, poor-prognosis population [27] . The study was listed by the National Cancer Institute (NCI). It was supervised by the independent Institutional Review Board (BRI-IRB, BC-BT-09).
The study was performed according to Protocol BT-09 which was submitted to the FDA under the IND 43,742. The study started on July 23, 1996 , and ended accrual on March 14, 2011. Subsequently, the protocol was amended by BRI several times; however, none of the amendments altered the aim or design of the original study objectives/outcomes.
Statistical Considerations
The sample size was calculated based upon the method described by Chang et al. [27] . A response rate to ANP of ≥10% was considered "of interest" and the primary endpoint was to determine the objective response rate (confirmed complete response (CR) or partial response (PR)) to ANP therapy. An interim analysis would be conducted after 20 subjects had enrolled in the study. If 1 or more patients achieved a confirmed radiographic response, an additional 20 subjects would be recruited. Survival was measured from the first day of ANP administration until death from any cause, and time to treatment failure was likewise measured from the first day of the treatment until the date of first observation of progressive disease (PD) or death from any cause whichever came first. The distributions of survival and treatment failure were estimated by Kaplan-Meier analysis.
Treatment Plan
ANP (A10 and AS2-1) were the only anti-cancer treatments administered in this study. The formulations were delivered via a dual-channel infusion pump and single-lumen subclavian catheter (Broviac or Groshong) every 4 hours. The patients were advised to continue the treatment until the maximum response was achieved and for eight months thereafter. The details of administration of ANP were published before [11] .
Medications that were considered necessary for the subjects' welfare and that did not interfere with the evaluation of treatment were given at the discretion of the investigator. The use of corticosteroids was carefully monitored. Treatment with other antineoplastic or immunomodulatory agents was not permitted during the study. Subjects received full supportive care, including transfusions of blood products and antibiotics when appropriate. No other anticancer mediation was permitted.
Evaluation and Follow-Up
Prior to the start of treatment, a gadolinium-enhanced MRI measured all contrast-enhancing lesions. The products of the two greatest perpendicular diameters of all lesions were calculated and totaled, providing a baseline evaluation for each study subject. As a common practice at that time in other clinical trials, the tumor measurements were based on contrast enhanced lesions, but the overall tumor size was also measured including T2 and FLAIR images [28] [29] . In cases of the non-enhanced signal, the two greatest perpendicular diameters of T2 weighted lesions were calculated and totaled, providing a baseline evaluation for each study subject as described above. A positron emission tomography (PET) scan was used also to evaluate the overall response in such cases. The baseline provided the reference for determining response outcomes to the treatment. The details of laboratory tests and additional examinations were published before [11] . Toxicity was evaluated in all patients enrolled in the study (intent-to-treat (ITT) population).
In accordance with other Phase II studies conducted at the initiation of this trial, the possible responses to the treatment were CR, PR, stable disease (SD) and PD. CR required the disappearance of all enhancing lesions, sustained for at least 4 weeks, and only physiologic replacement doses of steroids were acceptable. PR required 50% or higher decrease of the sum of the products of the two largest perpendicular diameters of enhancing lesions and stable or reduced corticosteroid doses. PD was determined when there was over 50% increase of enhancing lesions or new lesions, and SD was the status between PR and PD. The results of all MRI and PET scans were verified by radiologists not affiliated with BRI or BC and their determination of response was accepted including one case of nonenhanced tumor. Study subjects were categorized by their overall best response during the course of the treatment. The duration of each response was measured from the date that the criteria for the outcome were first met until the date that PD was first documented. The original protocol required more than 50% increase of tumor size for PD, but in this publication 25% increase was acceptable and all cases reported in this paper were re-evaluated by RANO criteria to allow comparison with other studies. In the case of SD, the duration was measured from the time therapy commenced.
During the study the generally accepted criteria for evaluation of responses in high-grade glioma (HGG) changed toward reliance on overall survival (OS) and PFS rather than tumor responses. As a result, this report includes also survival analysis.
Correlative studies including 1p19q deletions and MGMT silencing were not performed because they were not yet introduced when the patients were accrued except for the patients who were accrued before completion of the study.
The primary endpoint was disease response, and all study subjects were evaluable for toxicity. Study subjects who received ≥12 weeks of therapy or developed an objective response (CR or PR) were further analyzed. Time to best response, dosage, and duration of best response were the variables of interest.
The average maximum effective daily dose, the range, standard deviation for that average, and the 95% CI were calculated.
For OS analysis, a Kaplan-Meier curve with 95% CI was created using MedCalc Statistical Software version 14.12.0 [30] .
Results
Patient Demographics
Patient demographics are shown in Table 1 . As of March 9, 2012, all subjects were removed from the therapy due to a CR, SD, PD, subject request, worsening clinical condition, or death.
The 40 eligible subjects (22 men and 18 women) who met enrollment criteria ( Table 1 ) had a median age of 36 years. 38 subjects were of Caucasian ethnicity, 1 African American and 1 Latin American. Six subjects presented with multifocal disease and leptomeningeal involvement and 1 had multicentric disease.
The majority of patients were diagnosed with high-grade tumors (N = 33). Among them, the largest group was anaplastic glioma (AG) which included 14 patients. In this group 12 patients (86%) were diagnosed with AA. GBM was represented by 11 patients and the additional high-grade tumors included primitive neuroectodermal tumors (PNET) N = 3, DIPG N = 3, and tectal glioma (TG) N = 1.
In the group of low-grade tumors, there were six cases of low-grade glioma (LGG). 12 patients did not receive prior treatment and 12 had surgical resection only. 5 patients received RT as a single treatment and 11 patients were treated with RT and chemotherapy. 8 patients received a single chemotherapy regimen, but 3 patients failed 2, 4 and 5 lines of chemotherapy. 1 of these patients failed high dose chemotherapy and stem cell rescue and another was treated with targeted therapy. The total of 7 patients failed TMZ.
Treatment
The Note: AT-at completion, BT-at baseline, B-African-American, CH-chemotherapy, HDC-high-dose chemotherapy, M-Latin-American, RT-radiation therapy, SCR-stem cell rescue, W-Caucasian.
explained by design of the protocol which required to increase the daily dose of ANP until the maximum tolerated dose (not exceeding 20 g/kg/d).
Response and Survival
Out of 40 subjects, there were 4 CR (10%), 5 PR (12.5%), 12 SD (30%), 10 PD (25%), and 9 cases (22.5%) were not further analyzed; they were withdrawn from the study, and did not have follow-up evaluations including MRI. The overall objective response rate (OR) was 22.5%, and the overall disease control rate which includes CR, PR and SD was 52.5%. In the group of high-grade tumors of 33 patients, there were 3 CR (9.1%), 5 PR (15.2%), 8 SD (24.2%), 10 PD (30.3%), and 7 (21.2%) nonevaluable cases. The OR rate was 24.3%, and the disease control rate was 48.5%.
In the low-grade tumor group of 7 patients, there was 1 CR (14.3%), no PR, 4 SD (57.1%), no PD, and 2 nonevaluable cases (28.6%). The disease control rate 71.4%.
The response rates are presented in Table 2 (a) and Table 2 
(b).
The most important results were noticed in the subgroup of 12 patients with AA (grade 3). There were 2 CRs (16.7%), 3 PRs (25%), 3 SDs (25%), 3 PDs (25%), and 1 (8.1%) nonevaluable case. The OR rate was 41.7%, and the disease control rate 66.7%. The OR group was represented by 4 newly diagnosed and one recurrent AA. Most of these patients (9 cases) were newly-diagnosed, and 5 patients had biopsy only. One of the patients who received prior RT responded with over 90% decrease of the products compared to baseline for a period of one and half year (between March 1997 and August 1998) with one MRI showing complete disappearance of the lesions (Figure 1) .
Subsequently this patient progressed and died 18 months after discontinuation of ANP due to tumor recurrence and transformation to GBM. The second patient treated by RT did not respond to the treatment and the third patient treated previously with combination of RT and chemotherapy responded to the treatment with initial stabilization followed by progression.
In other high grade tumor group of 11 patients with GBM, there were no OR, 1 SD (9.1%), 6 PD (54.5%) and 4 (36.4%) nonevaluable cases.
In the remaining group of 9 patients with other types of high-grade tumors, 2 groups were observed: DIPG (3 patients) and PNET with 3 patients with recurrent medulloblastoma. There was 1 SD in newly-diagnosed DIPG and 1 PR and 1 SD in the PNET sub group.
Due to the low number of patients these groups were not analyzed any further. The remaining 2 patients were diagnosed with high-grade malignant glioma (the biopsy was not done due to high risk of hemorrhage, and one interesting case of TG, previously not treated, who obtained CR and was described separately [16] .
OS and PFS were analyzed for ITT and selected groups. OS was calculated from start of ANP until death from any cause, PFS was calculated from start of ANP till first radiologically documented progression, start of other treatment or death (Figure 2 and Figure 3) .
The median OS in a group of 40 patients was 11.9 months (95% CI 8.6 -32.7) and OS at 6 months, 1, 2, 5, and over 10 years was 70%, 50%, 40%, 22.5% and 14.6% correspondingly.
The median OS in the group of AA (12 patients) was 25.4 months (95% CI 9.7 -45.1) and OS at 6 months, 1, and 2 years was 83.3%, 58.3%, 50.0% correspondingly. The median OS in group of AG (14 patients) was 25.3 months (95% CI 9.7 -55.5) and OS at 6 months, 1, 2, 5, and over 10 years was 85.7%, 64.35%, 57.1% 7.1% and 7.1% correspondingly. The median OS in group of GBM (11 patients) was 5.2 months (95% CI 2.2 -7.1) and OS at 6 months and 1 year was 36.4% and 9.1% correspondingly.
The median OS in group of LGG (7 patients) was 97.3 months (95% CI 2.4 -97.3) and OS at 6 months, 1, 2, 5, and over 10 years was 71.4%, 71.4%, 71.4%, 71.4% and 38.1% correspondingly.
The median PFS in a group of 40 patients was 5.4 months (95% CI 2.4 -11.9), at 6 months 47.5%, 1 year 35% and at 2 years 20%.
The median PFS in the group of AA (12 patients) was 5.4 months (95% CI 4.3 -9.7) , 6 months 41.7%, at 1 year 25.0% and at 2 years 16.7%.
The median PFS in the group of AG (14 patients) was 5.5 months (95% CI 4.3 -16.8), 6 months 50.0%, at 1 year 28.6% and at 2 years 21.4%.
The median PFS in the group of GBM (11 patients) was 1.6 months (95% CI 1.0 -2.1) and at 6 months it was 9.1%.
The median PFS in the group of LGG (7 patients) was 12.2 months (95% CI 2.4 -17.2), 6 months 71.4%, at 1 year 71.4% and at 2 years 28.6%.
Adverse Events
Safety assessments were analyzed based upon the total number of enrolled patients in the study (N = 40) ( Table  3 ). All adverse drug events (ADEs) have been coded according to Common Terminology Criteria for Adverse Events v3 (CTCAEv3).
The treatment was well tolerated. There were grade 3 toxicities consisting of hypernatremia, hypokalemia fatigue, arthralgia, somnolence, urinary frequency and urticaria in 35% patients and grade 4 toxicities consisting of hypernatremia, hypocalcemia and hypokalemia in 12.5% patients. ADEs were completely reversible.
There were no chronic toxicities.
Discussion
The largest group of patients treated under the BT-09 Protocol consisted of 14 cases of AG (the majority, 12 had AA). Clinical trials and meta-analyses confirmed the importance of chemotherapy in the treatment of patients with malignant glioma [33] - [35] . However, beneficial effect in patients with AA is not supported by strong evidence [36] . During the last eight years, the results of pharmacological treatments without RT for newly-diag- nosed AA have not been presented in peer-reviewed literature, but there were numerous studies on chemotherapy with TMZ and other agents and RT, and TMZ followed by RT. Ultimately, almost all patients with AA treated with surgery, chemotherapy and radiation would relapse and die from PD. During the last eight years, there were nine Phase II clinical studies conducted for patients with recurrent AA, and the results were reported in peer-reviewed journals in English. There were only two Phase II trials exclusively designed for AA patients and neither proved efficacy [31] [32] . The results of three of these studies are shown in Table 4 , and compared with the BT-09 study. The data indicate that in the BT-09 study there is a higher CR rate, but the patient population was smaller than in the other studies and included both newly-diagnosed and recurrent cases.
The responses observed in other high-grade brain tumors are interesting, but the population of patients is too small to draw conclusions. The additional studies provided data on the efficacy of ANP in GBM, PNET and BSG [9] - [17] [37] .
An additional Phase II study may need to be designed to evaluate the efficacy of ANP in the treatment of LGG in adult patients. Two studies in LGA and optic pathway gliomas in children have been completed, and the results are being prepared for publication. The treatment with ANP is associated with a low percentage of serious ADEs (grade 3 and grade 4). Table 3 shows the incidence of ADEs in comparison with the other studies. There were no fatal ADEs, and the events were fully reversible. There was no chronic toxicity; and there was very good quality of survival.
The aim of this study was to provide preliminary information on the efficacy of the treatment with antineoplastons in patients diagnosed with inoperable primary brain tumors. The largest group of patients in the study consisted of the subjects diagnosed with AG and 86% of them diagnosed with AA. The authors believe that the responses determined in this group of patients are the most interesting and require further evaluation in additional clinical trials designed for the treatment of patients with AA. The limitation of the study is a diverse group of patients and small populations in the subgroups. The additional studies for newly-diagnosed AA and recurrent AA will provide more data on safety and efficacy. Such additional studies have been completed already and the results are published [14] [15] . A small group of seven patients diagnosed with low-grade tumors provided a high rate of disease control. Further studies will add data specific for each brain tumor, and continue to evaluate the long-term survival and quality of survival of this therapy.
